Major Liver Resection for Large and Locally Advanced Hepatocellular Carcinoma
Hepatocellular carcinoma (HCC) is the most common primary malignancy of the liver and fifth most common cancer in men and seventh in women. [1, 2] There is a wide variation between centers on liver resection in the management of large HCC (>5 cm in diameter) especially in patients with chronic liver disease (CLD). The Barcelona Clinic Liver Cancer (BCLC) staging system gives prognostic stratification of patients with HCC according to the characteristics of the tumor, the liver disease, and the performance status [3] . The European Association for the Study of Liver Disease/ American Association for the Study of Liver Disease guidelines for management of HCC recommends the BCLC algorithm for management [4, 5] . BCLC staging demonstrated a reliable capacity to categorize patients with different prognosis [6] [7] [8] [9] . However, the BCLC algorithm may be too conservative in offering resection for large and locally advanced HCC. There are studies which have reported favorable outcomes with resection in this group of patients. [10] [11] [12] [13] [14] [15] [16] The aim of the study was to review the clinical and pathological data and outcome for major liver resections performed for large and locally advanced HCC.
Patients and Methods
Eighteen patients who underwent major liver resection for large and locally advanced HCC at the department of Liver Transplantation and Hepato-Pancreatico-Biliary surgery, Institute of Liver and Biliary Sciences, New Delhi, India, from March 2011 to May 2015, were included in the study. Large HCC was defined as maximum tumor diameter of 5 cm or more on histopathology. HCC was considered as locally advanced as per stage C of BCLC system (macrovascular invasion, multinodular tumor, bilobar tumor, and symptomatic tumor) without any extra hepatic disease. Clinical performance status was assessed and graded according to the Eastern Cooperative Oncology Group (ECOG) scale. [17] Preoperative diagnosis of HCC was based on either contrastenhanced computerized tomography scan (CECT) or magnetic resonance imaging. Positron emission tomography scan was done in all patients to rule out extra hepatic disease. Alpha-fetoprotein (AFP) levels were checked preoperatively. Child-Turcotte-Pugh (CTP) score was calculated. The etiology of underlying CLD was evaluated. Clinically significant portal hypertension was considered by indirect clinical parameters (esophageal varices and/or splenomegaly associated with platelet count <10 9 /L). All the patients were evaluated for the presence of esophageal varices on upper gastrointestinal endoscopy. The tumor-free total liver volume was calculated by CT volumetric analysis. The cutoff value of 40 % remnant liver volume was considered adequate in the presence of cirrhosis and 30 % in the absence of cirrhosis. None of the patients received downstaging or neoadjuvant therapy before surgery. Liver resections were performed by either conventional or anterior approach. Parenchymal transection was performed by CUSA (Cavitron Ultrasonic Surgical Aspirator, Integra, USA). Other factors analyzed included duration of surgery, operative blood loss, resection margins, vascular invasion (MVI), size of tumor, number of tumors, evidence of chronic liver disease on histopathology, and EdmonsonSteiner grade [18] . Postoperative complications were graded as per Clavien-Dindo classification. [19] Details at follow-up were recorded for the recurrence of disease or decompensation of CLD. All patients were followed up regularly. Disease-free survival and overall survival were calculated.
Results
Preoperative variables, tumor characteristics, type of resections, and pathological characteristics of 18 patients are summarized in Table 1 (Fig. 1) . No patient had extra hepatic disease. Five patients were ECOG performance status 1 and remaining 13 patients were status 0. The median AFP level was 8.11 (2.7-62,561) . One patient presented with features of obstructive jaundice and a mass lesion in the liver. Preoperative transhepatic biliary drainage was done. This patient underwent right hepatectomy with excision of common bile duct and hepaticojejunostomy. The median operative time was 570 min. (480 to 750 min), and median blood loss was 670 ml (300 to 1450 ml). On the fifth postoperative day, the median serum total bilirubin was 2.8 (0.9 to 11.1 mg %) and median INR was 1.3 (1.1 to 1.8). The median ascites drainage was 575 ml (50 to 4020 ml). The median postoperative hospital stay was 12 days (8-22 days).
Postoperative outcome was classified according to the Clavien-Dindo classification. Sixteen patients recovered well without a need of any invasive therapy (Clavien class I 62 % and class II 28 %). One patient suffered from herniation of small bowel loop through the abdominal drain site and required emergency surgery (Clavien class IIIB). One patient died because of fungal respiratory infection (Clavien class V 5.5 %). One patient died after 2 weeks of discharge from the hospital for unknown reason. The surviving patients were followed up regularly. Seven out of 16 patients had tumor recurrence. Most patients, post resection, were considered for adjuvant sorafenib and those who were started on sorafenib were either intolerant or found it expensive to continue beyond 4 weeks. The tumor recurrence was at 4, 5, 6, 12, 16, 18, and 30 months after the surgery. Three patients with recurrent disease expired and two patients are receiving radiofrequency ablation therapy. After a median follow-up of 32 months (range, 6-54 months), the overall survival at 1 and 3 years was 83 and 54 %, respectively. The disease-free survival at 1 and 3 years was 75 and 54 %, respectively (Fig. 2 ).
Discussion
The current series is first of its kind from India presenting results of major liver resection for large and locally advanced HCC. The overall survival has been extremely good in the context of disease burden with acceptable perioperative morbidity and mortality and compares well with the published Alive CTP Child-Turcotte-Pugh score, CSP clinically significant portal hypertension, MaVI macrovascular invasion, MVI microvascular invasion, M male, F female literature [15] . Selection of patients for major liver resection for HCC demands careful evaluation. The key factors that determine the outcome are patients performance status, the degree of underlying liver disease (as assessed by the presence of portal hypertension; CTP score), stage of disease, and feasibility of safe resection (safe liver remnant as assessed by volumetry). The degree of portal hypertension has been shown to correlate with morbidity and mortality [20, 21] . In our series of 18 patients, eight patients had liver cirrhosis, six patients had fibrosis and four patients had chronic hepatitis. We relied on surrogate markers of evaluating portal hypertension such as CTP score, presence of ascites, platelet count, esophageal varices, or splenomegaly, as objective measures of portal hypertension, such as the hepatic venous pressure gradient, are unreliable in patients with large tumors. Three of our patients were child B and two had clinically significant portal hypertension. The perioperative outcome of the patients with clinically significant portal hypertension was not different from the other patients in the series. Hepatic resection and liver transplantation are considered the only curative treatment options for HCC and also offer the best long-term disease-free survival [5, 15] . Liver transplantation is limited by organ shortage, and there are ethical concerns in transplanting patients with large and locally advanced HCC as recurrence rates are high. Long-term survivals have been reported in large series following liver resection for HCC. Multiple studies have reported on long-term survival data in patients who underwent resection for large HCC (>10 cm) [11, 16, [22] [23] [24] [25] [26] [27] . The reported 5-year survival for patients with large HCC, who underwent resection, in these studies ranged from 19 to 39 %. In the current series, the overall survival at 3 years is 54 % which compares well with published literature. The disease recurrence was observed in seven patients. There were four patients who had recurrence within 1 year of resection. The disease-free survival at 1 and 3 years was 75 and 54 % respectively.
Multinodularity and vascular invasion is a prognostic factor which influences recurrence and survival, but this should not preclude resection as long as it is technically feasible. There are studies that have reported favorable 5-year survival between 24 and 60 % after resection in multinodular HCC [14, 28, 29] . In our series, one third of patients had multinodular tumors. The recurrence rate in this subgroup was 40 % (median follow-up 26 months), while the 1-year overall survival was 66 %. The patients with solitary tumors, after a median follow-up of 33 months (9-54), had a recurrence of 18 % at 1 year while the overall survival was 82 %. In the current series, macrovascular invasion was seen in six patients, 50 % of these patients developed recurrence at 1 year. On the contrary, in the patients without macrovascular invasion, there was only 10 % recurrence at 1 year. This survival is superior to what is usually reported for other therapies such as RF ablation and TACE according to BCLC staging system.
In the current series, all patients had tumor larger than 5 cm with background liver disease. Ten of these patients had either multinodularity or macrovascular invasion which will classify them to BCLC B/C stage. According to BCLC stage, these patients will be offered palliative therapy. But the current results clearly shows that in carefully selected patients, hepatic resection can provide good medium term survival. There is controversy in literature whether solitary lesion more than 5 cm should be classified as BCLC B or A, especially between the eastern and western group [15, 30] . In the light of our results, which are in line with considerable body of evidence in published literature, we would suggest that the BCLC algorithm should be used cautiously.
To extend the benefit of liver transplantation for treatment of HCC, downstaging with locoregional therapies (resection/ ablation/TACE) has been offered to selected patients initially presenting with HCC beyond conventional criteria (usually Milan or UCSF) for transplantation. Successful downstaging can select those patients with favorable tumor biology to receive liver transplantation with survival benefit [31] . However, there is no consensus for the definition of downstaging, standardized protocol, and assessment of response. [32] . While there is evidence to suggest that downstaged patients have equivalent survival as compared to patients transplanted primarily, this outcome probably is determined by tumor biology rather than the downstaging per se [31] . Only one third of the patients who undergo resection will ultimately be candidates for salvage liver transplantation [33] . Patients with favorable tumor profile, long recurrence-free interval will be good candidates. When it comes to living donor liver transplantation for HCC, balancing donor risk with recipient outcomes (overall and recurrence-free survival) is important. We use UCSF criteria to select patients for liver transplantation. We do believe that patients who have been successfully downstaged can be considered for transplantation. In our experience, we have not yet come across such a situation.
The current study suggest that patients with good performance status, child's A/early B and technically resectable HCC with good remnant can be offered resection. The data shows that even patients with multinodular tumors or macrovascular invasion may also be carefully selected for resection with outcomes far superior to the next best treatment modality, which is usually palliative. [15, 34] The majority of patients who have undergone resection would not be considered ideal candidates for resection based on current guidelines. The study suggests that selection criteria for resection may be modestly expanded without compromising outcomes.
In conclusion, in carefully selected patients with large and locally advanced HCC, liver resection can be performed with acceptable perioperative morbidity achieving good medium term survival. When offering resection in patients with HCC, size, multinodularity or segmental venous, and presence of cirrhosis should not be a contraindication.
